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ABSTRACT
We report the results from a thermopower and a Cu nuclear magnetic resonance
(NMR) study of the infinite CuO2 layer electron doped high temperature superconducting
cuprate (HTSC), Sr0.9La0.1CuO2. We find that the temperature dependence of the thermopower,
S(T), is different from that observed in the hole doped HTSC. In particular, we find that
dS(T)/dT is positive above ~120 K.  However, we show that S(T) can still be described by the
same model developed for the hole doped HTSC and hence S(T) is not anomalous and does not
imply phonon mediated pairing as has previously been suggested. The Cu NMR data reveal a
Knight shift and spin lattice relaxation rate below Tc that are inconsistent with isotropic s-wave
pairing.  The Cu spin lattice relaxation rate in the normal state, however, is Curie-Weiss like
and is comparable to that of the optimally and overdoped hole doped HTSC, La2-xSrxCuO4.
The magnitude of the Knight shift indicates that the density of states at the Fermi level is
anomalously small when compared with the hole doped HTSC with the same Tc, indicating that
the size of )( fEN  is of little importance in the HTSC.  We find no evidence of the normal
state pseudogap that is observed in the hole doped HTSC and which was recently reported to
exist in the electron doped HTSC, Nd1.85Ce0.15CuO4, from infrared reflectance measurements.
PACS: 74.72.-h 74.25.Nf 74.25.Ha
2Introduction
One of the major difficulties in developing a consistent theoretical model of
superconductivity in the high temperature superconducting cuprates (HTSC) is understanding
the magnetic and electronic behavior of the hole doped and electron doped HTSC.  It is now
generally agreed that the hole doped HTSC (HDHTSC) have a d-wave superconducting order
parameter [1,2], show a normal state pseudogap for low hole doping [3] and exhibit a non-
Korringa relationship between the Cu spin-lattice relaxation rate and the Cu Knight shift [4].
This non-Korringa behavior has been attributed to the Cu spin-lattice relaxation rate being
dominated by coupling to antiferromagnetic fluctuations [4].  The situation in the electron-
doped HTSC (EDHTSC), based on R2-xCexCuO4 (R is a rare earth), is not so clear.  There are
conflicting reports concerning the symmetry of the superconducting order parameter [5-10].
Furthermore, it has recently been reported that a pseudogap exists when superconductivity is
suppressed by high magnetic fields but only for temperatures less than ~25 K [11-13] or there
exists a pseudogap in the normal state for temperatures up to 300 K [14].  The understanding
of the spin dynamics is hampered by the magnetic rare earth atom, which is believed to
dominate the spin-lattice relaxation.  It is known that the nuclear quadrupole frequency is
anonymously small when compared to that of the HDHTSC, which is not understood [15].
Previous reports of NMR measurements on the infinite layer EDHTSC, Sr1-xLaxCuO2
[16,17,18], have shown that the Cu spin lattice relaxation rate in the normal state increases
with decreasing temperature, although the absolute values of the Cu spin lattice relaxation rate
are different in these studies.  This compound has the advantage that it does not contain
magnetic rare earth ions that can affect the NMR data.  Furthermore, the superconducting
transition temperature, Tc, is much higher (~40 K [19]) than that in the other EDHTSC,
R2-xCexCuO4, where superconductivity exists for lower temperatures of <25 K and the
occurrence of superconductivity and the Meissner fraction depends upon aggressive annealing
at high temperatures in a reducing atmosphere.  The one disadvantage of Sr0.9La0.1CuO2 is that
it must be made using a high pressure synthesis technique and incorrect synthesis can lead to
site disorder, the partial formation of the 1D antiferromagnetic insulator, SrCuO2, as well as
the antiferromagnetic insulator, La2CuO4.
Interest in the infinite layer compound has recently been revived by a report that the
carrier concentration of CaCuO2 can be altered by field effect doping resulting in hole doped or
electron doped superconductors [20].   It is therefore important to compare the normal and
superconducting state properties of the infinite layer superconductors with those from the
HDHTSC.   For example, tunneling spectra, and the rate at which Tc is suppressed by Zn and
Ni, have been interpreted in terms of a s-wave superconducting order parameter [21-24], which
3would appear to suggest a different superconducting pairing mechanism when compared with
the HDHTSC.   Furthermore, a thermopower study has concluded that the superconducting
pairing mechanism is phonon mediated [25].
In this paper we report the results from a Cu NMR study and a variable temperature
thermopower study of the infinite layer EDHTSC, Sr0.9La0.1CuO2.  Dense high quality samples
of this compound have recently been synthesized with a high superconducting transition
temperature of 43 K [23].  We compare our results with those from previous measurements on
the HDHTSC.
Experimental Details
The sample for this study was prepared using the high-pressure technique described
elsewhere [23,26].  The dc magnetization measurements were made using a SQUID
magnetometer, where the remnant field was ±0.1 mT.  The data were not corrected for
demagnetizing effects.   Variable temperature thermopower measurements were made using the
standard temperature differential technique.  X-ray diffraction measurements confirmed that
the sample was single phase.
Cu NMR measurements were made on both unorientated powder and c-axis aligned
powder samples in resin. Powder spectra were obtained at fields of 5.6 T, 8.45 T, and 14.1 T,
point-by-point using the π/2-τ-π-τ Hahn pulse sequence, where π/2 was between 2 µs and 10
µs and τ was between 30 µs and 40 µs.  The second half of the echo was Fourier transformed
and then integrated, or summed, to obtain the intensity at each frequency.  As the probes used
to obtain the spectra had a Cu background, data was not taken near this frequency. The
temperature dependence of the shift and the 63Cu spin lattice relaxation time, 163T , was
measured at 9 T in a probe with no Cu background.  The NMR shift was referenced to an
aqueous CuCl solution.  The 63Cu spin-lattice relaxation rate, T1-1, was obtained using both the
inversion recovery technique and from the magnetization recovery after the application a
saturating comb of π/2 pulses.  In both cases the magnetization recovery for the I=3/2 Cu
nuclei for magnetic relaxation (∆m=±1) is [27],
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where τ denotes the time between the inversion pulse or the last saturation pulse, Γ is 2 for
perfect inversion  and 1 for the application of a perfect π/2 saturating comb.  The coefficients
4A , B  and C  depend on the initial excitation conditions.  For the inversion or saturation of the
central ±1/2 transition without exchange between the other levels, it can be shown that 1.0=A ,
0=B  and 9.0=C .  In the presence of fast exchange processes these coefficients change to
4.0=A , 0=B  and 6.0=C .  It was found that the second scenario better fitted the data.  The
excitation of the +1/2↔+3/2 and -1/2↔-3/2 transitions result in different A  and C  values and
a nonzero B  value.
Results and Analysis
The temperature dependent thermoelectric power, S(T), shown in figure 1 is zero in the
superconducting state, as required for a strictly perfect superconductor.  It becomes finite and
negative at the transition temperature of 44 K determined from susceptibility measurements
(see figure 1 inset).  The thermopower continues to become more negative until reaching a
maximum negative value near 110 K and then falls toward zero.
It is interesting to compare this behavior to that in the HDHTSC, in which a very
general trend has emerged.  In those materials the thermopower just above the superconducting
transition temperature falls with a nearly constant (and approximately universal) slope [28,29].
The magnitude near the superconducting transition temperature depends on the doping level,
which has led to its use as a gauge of the hole concentration [30].  The only superconducting
cuprates to deviate from this general behaviour are those with conducting chains and/or
ribbons, which are thought to make their own positive slope contribution to the thermopower
[31].  An interpretation of this generic behaviour is available based on the doping dependence
of the Fermi surface, and a conventional treatment of the charge carrying quasiparticles [32].
Within this picture the thermopower is comprised of a diffusion contribution, linear in
temperature with a sign and magnitude that is determined by the Mott formula, and a phonon
drag contribution, Sg, which is given by,
)./|)(|( ppeag WWeNCAS = (2)
Here aC  is the volumetric heat capacity of the acoustic phonons, N  is the concentration of
carriers, e  is the electronic charge, pW  is the scattering rate for phonons and peW  is the
contribution from events in which the phonons are scattered by electrons. The sign and
magnitude of the constant A  is determined by a balance of scattering events in which the
electron traverses filled vs. empty states in reciprocal space.
5The generic behavior of the thermopowers in the HDHTSC then fits within this picture
as being a contribution of a diffusion term and the temperature independent phonon drag
contribution imposed by the heat capacity at temperatures above the acoustic phonon
maximum.  This interpretation implies that there is no temperature dependence in the ratio
ppe WW / , consistent with a picture in which the temperature dependent anharmonic phonon-
phonon scattering does not significantly limit the phonon lifetime.  Similar behavior is
occasionally found also in conventional metals [33], although it is more common to find that
the phonon drag contribution falls as 1/T above the Debye temperature, where anharmonic
scattering limits the phonon lifetime [34,35].  Thus, in conventional metals one usually finds a
low temperature thermopower showing a linear temperature diffusion component and a cubic
temperature phonon drag component, while at higher temperatures the drag contribution is
inversely dependent on the temperature.  It can be seen in figure 1 that the thermopower in the
present case conforms to the more common behavior,
3
21)( TaTaTS += , (3a)
for low temperatures, and,
,/)( 31 TaTaTS += (3b)
for high temperatures.  The linear diffusion term coefficient, 1a , and the low and high
temperature phonon drag coefficients, 2a  and 3a , are fitted as 
2
1 00122.0
−
−= VKa µ ,
4
2 430
−
−= VKa µ  and Va µ53 1015.1 −×−= .  The magnitudes found for the various
contributions are entirely reasonable when compared to either theoretical expectations or to
data on the HDHTSC or conventional metals [34].  The high temperature 1/T attenuation of Sg
caused by the ratio ppe WW /  is however weak, suggesting that even here the phonon lifetime is
limited more strongly by electrons than by anharmonicity.  There is no evidence of any
deviation from the expected behavior that might suggest the development of a pseudogap.
Finally, we note that there is an earlier report of thermopower measurements on thin
films of the EDHTSC, Sr0.9Nd0.1CuO2, where Tc varied from 24 K to non-superconducting
[25].  In that report the thermopower data were also fitted to a sum of linear temperature and
inverse temperature terms, though the temperature range chosen (<90 K) was inappropriate for
assigning the inverse-temperature behavior to a phonon drag contribution.  Consequently, the
6conclusion that the low temperature thermopower data (<90 K) from the thin film samples
implies phonon mediated pairing in the EDHTSC is also inappropriate.
We now consider the Cu NMR data.  We show in figure 2 that the room temperature
63Cu NMR powder spectra are narrow and nearly independent of applied magnetic field when
scaled by the Larmor frequency.  The resonance from the 65Cu isotope occurs at a higher
frequency and is not shown.  The 63Cu NMR spectrum at 14.1 T contains a narrow region of
~1.4 MHz in extent and a broad weaker region extending to ±6 MHz.  It is clear that the
broadening of the central peak is little affected by second order nuclear quadrupole broadening
in contrast to the HDHTSC.  This is evident in figure 1 where the 63Cu NMR spectra taken at
8.45 T (filled circles) and 5.6 T (open circles), scaled by the applied field, are also shown.  It
can be seen that that the widths are nearly the same, indicating that second order nuclear
quadrupole effects are small.  The weaker broad signal is likely to be due to the +1/2↔+3/2
and -1/2↔-3/2 satellite transitions and a distribution of nuclear quadrupole frequencies.  We
estimate, from the NMR spectra at different magnetic fields, that the average nuclear
quadrupole frequency is less than 3 MHz.  This is significantly smaller than that observed in
the HDHTSC (16 MHz to 40 MHz [36]).  However it is comparable to the upper estimate of
the nuclear quadrupole frequency in superconducting samples of the EDHTSC, Nd2-xCexCuO4
(< 2 MHz [15]), and it is consistent with the estimates from two previous studies on
Sr1-xLaxCuO2 with x>=0.07 (<~3 MHz [16,18]).
We show in figure 3 that the 63Cu NMR spectrum from a c-axis aligned sample at 9 T
with c⊥B shifts to lower frequency for temperatures below Tc and there is a significant increase
in the linewidth as can be seen in the insert to figure 3.  An increase in the 63Cu NMR linewidth
is also observed in the HDHTSC and it has been associated with vortices in a type II
superconductor and the formation of a flux lattice at low temperatures [37].  The
corresponding 63Cu NMR shift, δab, is plotted in figure 4, where it can be seen that δab is
temperature independent in the normal state as reported by Mikhalev et al. [18] from
measurements on an unaligned powder sample.  Imai et al. [16] also noted that the δab was
temperature independent but the shift data were not presented.  The 63Cu NMR shift can be
understood by noting that, for axial symmetry, the total NMR shift, δα, of the central transition
in an external field B directed in the α-direction with respect to the crystal frame shift can be
written as,
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7where, α  is ab for c||B or c for c⊥B, αν∆ is the shift in frequency from the Larmor frequency,
0ν , )(,
63 TK s α  is the temperature dependent Knight shift, α,63 orbK  is the temperature
independent orbital shift, α,diaK  is the diamagnetic shift due to the superconducting screening
currents and 
(2)
, 0/Q αν ν∆  is the second order nuclear quadrupole shift.  The diamagnetic shift
decreases with increasing magnetic field due to increased flux penetration.  We estimate this
shift in a manner similar to Zheng et al. [38], where the previous estimate was made for the
HDHTSC, YBa2Cu4O8, and found to be close to the experimental value.  Using the
experimentally determined values of the penetration depth and the superconducting coherence
length [21], we find that %007.0, −≈⊥diaK  at 9 T and for low temperatures where the flux solid
occurs.
The second order quadrupole term in equation (4) is large in the HDHTSC because of
the large electric field gradient at the Cu nucleus and it can be the dominant term, leading to a
NMR shift of up to 3.5 % for c⊥B.  The subtraction of the large second order quadrupole, and
the small diamagnetic term, at low temperatures leads to the orbital shift which, for the
HDHTSC, is ~0.22 % in YBa2Cu3O7, ~0.22 % in Tl2Ba2CuO6+δ, and ~0.30 % in La2-xSrxCuO4
[36].  These values are very similar to the low temperature NMR shift from our Sr0.9La0.1CuO2
sample which, after correction from the small diamagnetic shift, is 0.21 % for c⊥B.
A temperature independent )(,63 TKs ⊥  for T>50 K is not generally observed in the
HDHTSC, except in the slightly overdoped region.  For underdoped HDHTSC, it is found that
)(63 TK s  decreases with decreasing temperature in the normal state, which has been attributed
to a normal-state pseudogap [39,40].  In the heavily overdoped region, )(63 TK s  increases with
decreasing temperature in the normal state, which may be due to the proximity to a van Hove
singularity.  A varying density of states (DOS) within ~ TkB2  of the Fermi level, fE , affects
the Knight shift because the Knight shift is proportional to the static spin susceptibility, which
can be expressed as, εεεεχ dfNT ss ∫
∞
∞−
∂−∂∝ )/)()(()(  where fEE −=ε , )(εsN  is the DOS and
)(εf  is the Fermi function.  Consequently, the absence of a decrease in )(,63 TKs ⊥  with
decreasing temperature indicates that there is no significant normal state pseudogap in the
EDHTSC, Sr0.9La0.1CuO2.  Rather, the Fermi surface is flat at least for energies within ~ TkB2
of the Fermi energy.
The Knight shift above 50 K is estimated from figure 4, and by accounting for the
small diamagnetic correction, to be 0.09 %.  This is significantly less than that observed in
8optimally doped HDHTSC.  For example, )300(63 KKs  is ~0.36 % for YBa2Cu3O7 (Tc~90 K)
and ~0.40 % for La1.85Sr0.15CuO4 (Tc=38 K) [36].  Using the Knight shift and the known
HDHTSC Cu hyperfine coupling constants, we estimate that the static spin susceptibility in the
normal state for Sr0.9La0.1CuO2 is 5102.1 −× .  This is slightly less than the measured
susceptibility in our sample of 5106.1 −× , indicating that the smaller Knight shift can not be
accounted for by a large reduction in the hyperfine coupling constants.  Consequently, the
smaller Knight shift implies that the DOS at the Fermi level, )( fEN , in Sr0.9La0.1CuO2 is less
than ~1/4 of )( fEN  in YBa2Cu3O7 and La1.85Sr0.15CuO4.  This, along with the flat Fermi
surface within ~ TkB2  of the Fermi energy, implies that models developed to account for
superconductivity that are based on differences in the band structure (e.g. von Hove
singularity, 2 band models etc.) do not appear to be relevant to the HTSC.  The significantly
smaller )( fEN  found in Sr0.9La0.1CuO2 when compared with the HDHTSC is likely to be due
to the different band structures.
It can be seen in the insert to figure 4 that the Knight shift decreases for temperatures
below Tc due to the decreased DOS near fE  in the superconducting state.  However, the
Knight shift can not be fitted by assuming either a s-wave superconducting order parameter
(dotted curve) or a d-wave superconducting order parameter (dashed curve) using the
experimentally observed cBTk/2∆ =7 [22].  The effect of the small temperature dependent
diamagnetic correction is not large enough to account for this discrepancy.  A similar problem
exists with the HDHTSC where the Knight shift can be nearly temperature independent for low
temperatures [36] although it should be linearly dependent on temperature due to the d-wave
symmetry of the superconducting order parameter.   It has been suggested that the nearly
temperature independent Knight shift observed in some of the HDHTSC for T<<Tc is due to a
finite DOS at the Fermi level [36,41].  We show by the solid curve in the insert to figure 4, the
theoretical δab obtained by assuming a d-wave superconducting order parameter and a similar
residual DOS with 25.0/)( 0 =NENres , where 0N  is the DOS in the normal state.  It can be
seen that that does give a better representation of the data.
The 63Cu spin lattice relaxation after partial inversion is shown in the insert of figure 5.
Here we plot the data as 00 /))(( MMM τ−  at 23 K.  The recovery after partial inversion can
be fitted to equation (1) using 1< Γ <2 with the coefficients 4.0=A , 0=B  and 6.0=C . This
can be contrasted with the report by Mikhalev et al. [18] where the coefficients used were
2.0=A , 0=B  and 8.0=C  but the coefficient in one of the exponential exponents was not
reported.  The values used by Imai et al. [16] were 1.0=A , 0=B  and 9.0=C .  The resultant
9TT1
63/1  is plotted in figure 5 where it can be seen that TT163/1  increases with decreasing
temperature in the normal-state even though the NMR shift is independent of temperature in the
normal state, which means that the Korringa relation, sKTT 63163 =constant, is not observed in
this EDHTSC.  A similar departure from Korringa behavior is observed in the HDHTSC.  We
note that our TT163/1  are larger than those previously observed.  For example TT163/1  at 300 K
is reported to be ~ 7 s-1K-1 by Imai et al. and ~3 s-1K-1 by Mikhalev et al.  compared with ~11
s-1K-1 in this study.
It is apparent in figure 5 that TT163/1  in the normal-state is remarkable similar to that
observed in the optimally and overdoped HDHTSC, La2-xSrxCuO4 (x>=0.15).  The expected
behavior of TT163/1  in the normal state can be understood by noting that for metallic and
magnetic systems [42], ∑=
−
q
qq 00
221
1 /),(''|)(|)2/1()( ωωχγ ηη AkTT nB , where |)(| qA  is the
form factor containing onsite and transferred hyperfine coupling constants, γn is the nuclear
gyromagnetic ratio and ),( 0ωχ q′′  is the imaginary part of the dynamical spin susceptibility at
the Larmor frequency, πω 2/0 .  In the case of the HDHTSC, there is clear evidence from
inelastic neutron scattering studies that antiferromagnetic fluctuations exist.  Thus, it is
assumed that TT163/1  in the HDHTSC is dominated by coupling to the antiferromagnetic spin
fluctuation spectrum, leading to an increase in TT163/1  with decreasing temperature [4].
Hence, the observation that the temperature dependence and absolute values of TT163/1  from
Sr0.9La0.1CuO2 are comparable to the HDHTSC is consistent with both the HDHTSC and the
EDHTSC having a similar spin fluctuation spectrum.
We note that for most underdoped HDHTSC, TT163/1  is found to start to decrease for
temperatures below a characteristic temperature T* that is above Tc, which has been attributed
to a normal-state pseudogap [43,44].  The absence of a similar decrease in TT163/1  plotted in
figure 3 is consistent with there being no significant normal-state pseudogap near q=(π,π) in
the EDHTSC, Sr0.9La0.1CuO2.
Below Tc we find that 163/1 T , plotted in figure 6, can not be interpreted in terms of an
isotropic s-wave superconducting order parameter. For an isotropic s-wave superconducting
order parameter, coherence effects should cause 63 11/ T  to initially increase for temperatures
just below Tc and then rapidly decrease where 63 11/ exp( / )BT k T∝ −∆  is expected for T<<Tc. It
can be seen in figure 6 that, in agreement with the report by Imai et al., there is no evidence of
a coherence peak in 63 11/ T  near Tc for B=9 T.  Furthermore, it is apparent that TT ∝1
63/1
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when T<<Tc. The values of 63 11/ T  at low temperature are significantly greater than those
expected from a superconductor with a d-wave superconducting order parameter and in zero
field.  The predicted temperature dependence of 163/1 T  in zero field and for a d-wave
superconductor can be obtained from ∫ −∝ dEEfEfENTT )](1)[()(/1 1
63 .  The resultant
curve is plotted in figure 6 (dashed curve) where it can be seen that 163/1 T  should be
proportional to T3 for T<<Tc.  This is observed in the HDHTSC, YBa2Cu3O7-δ, from zero field
NMR measurements but not in the La2-xSrxCuO4 where 163/1 T  is proportional to T for
optimally and overdoped samples [36].  A linear dependence of 63 11/ T  for T<<Tc can arise
from a residual DOS as shown by the dotted curve in figure 6.  Here we use the same DOS
used to analyze the NMR shift plotted in figure 4 (dotted curve), where 25.0/)( 0 =NENres .
Increasing the residual DOS can lead to a better representation of the data as shown in figure 6
where we use 5.0/)( 0 =NENres  (solid curve).  However, this implies a significantly larger
residual DOS than found in some of the pure HDHTSC.  It is possible that there is an
additional relaxation contribution from the fluxoids, which can lead to a low temperature spin
lattice relaxation rate that is proportional to T [45].
Conclusion
In conclusion, we find that the temperature dependence of the normal-state
thermopower from the infinite layer EDHTSC, Sr0.9La0.1CuO2, is different from that observed
in the other HTSC.  In particular, dS(T)/dT is positive for temperatures above 120 K, which is
not observed in HDHTSC that only contain CuO2 planes.  However, S(T) can be fitted to the
thermopower model developed for the HDHTSC where the thermopower is modeled in terms of
a diffusion term and a phonon drag term.  Consequently, a previous interpretation of the
thermopower data from Sr0.9La0.1CuO2 thin films in terms of phonon mediated pairing is
inappropriate. The 63Cu Knight shift from the EDHTSC, Sr0.9La0.1CuO2 is much smaller than
from the HDHTSC with the same Tc, which we interpret in terms of a much smaller DOS at
the Fermi level.  Furthermore, the 63Cu Knight shift is temperature independent in the normal
state indicating a flat DOS at least for energies ~ TkB2  from the Fermi level.  These imply that
theories developed to explain the origin of superconductivity in the HTSC that are based on the
simple band structure effects can not be applied to this EDHTSC.  We find that the
temperature dependence and absolute values of TT163/1  in the normal state are similar to those
of the optimally doped and overdoped HDHTSC, La2-xSrxCuO2, implying that the electron and
hole doped HTSC have the same dynamical spin susceptibility.  Below Tc the 63Cu NMR shift
11
and 1
63/1 T  decrease more slowly than expected for an isotropic s-wave superconductor.  We
show that this can be interpreted in terms of a d-wave superconducting order parameter, a
residual DOS and additional relaxation by fluxoids.  Thus, the significantly smaller DOS, the
flat DOS within TkB2  of the Fermi level, but comparable dynamical spin susceptibility and
symmetry of the superconducting order parameter would appear to suggest that the pairing
mechanism is mediated by antiferromagnetic spin fluctuations as suggested by some of the
models of the HDHTSC.
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Figures
Figure 1: Plot of the thermopower against temperature.  Also shown is the low temperature
(dashed curve) and high temperature (solid curve) fit to equation 3 in the text.  Insert: Plot of
the zero-field-cooled (solid curve) and field-cooled (dashed curve) dc susceptibility for an
applied magnetic field of 2 mT.
Figure 2: Plot of the 63Cu NMR spectra at 293 K for an applied magnetic field of 14.1 T (solid
up triangles).  Also shown is the NMR spectra at 8.45 T (solid circles) and 5.6 T (open circles)
scaled by the respective Larmor frequencies.
Figure 3: Plot of the 63Cu NMR spectra at 10 K (dot dashed curve), 20 K (dashed curve), 30
K (doted curve) and 40 K (solid curve) for c⊥B.  Insert: Plot of the corresponding linewidths.
Figure 4: Plot of the 63Cu NMR shift δab for c⊥B and 9 T.  Insert: Plot of the 63Cu NMR shift
for c⊥B and over a smaller temperature range. Also shown is the expected temperature
dependence for an isotropic s-wave superconducting order parameter (dotted curve), a d-wave
superconducting order parameter (dashed curve) and a d-wave superconducting order
parameter with a residual DOS of 25.0/)( 0 =NENres  (solid curve) where cBTk/2∆ =7 [22].
Figure 5: Plot of TT163/1  against temperature at 9 T from Sr0.9La0.1CuO2 (solid circles) and
La1.76Sr0.24CuO4 (crosses [41]), La1.80Sr0.20CuO4 (circles [41]) and La1.85Sr0.15CuO4 (up
triangles [41]).  Insert: Plot of 00 /))(( MMM τ−  from Sr0.9La0.1CuO2 at 23 K.
Figure 6: Plot of 1
63/1 T  against temperature (circles).  Also shown is 1
63/1 T  expected for a d-
wave superconducting order parameter (dashed curve), a d-wave superconducting order
parameter with 25.0/)( 0 =NENres  (dotted curve) and 5.0/)( 0 =NENres (solid curve).
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